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(57) Abstract 



The invention relates to a stripe-line inductor comprising one or more stripes conductor turns fabricated into one or more layers of 
a carrier substrate. The stripe conductor of the inductor is divided into parallel sub-stripe-lines (51, 52, 53, 54) reducing the width of 
an individual conductor and thus the cross-nsectional area of the magnetic flux density on the conductor surface. The sub-stripe-Unes are 
connected together at the inductor conductor ends (45, 46). In order to cancel out the eddy current loss of a closed loop the order of the 
sub-stripe-lines is reversed or changed at a specific point (59) between the fascicle ends. 
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Stripe-line inductor 

The invention generally relates to a stripe-line inductor comprising 
one or more stripe-line turns provided into one or more layers of a carrier sub- 
strate. 

5 Inductors are fabricated or integrated with different techniques and 

materials on various substrates. For example, the fabrication technology of 
integrated circuits may be used to provide a planar inductor in one or several 
conducting layers. Characteristic of such an inductor is that it consists of multi- 
ple turns where parts of successive turns are parallel to one another. Any part 
10 of the inductor conductor can cross over another part of the inductor conduc- 
tor. 

Figure 1 illustrates a prior art inductor. An inductor 1 comprises a 
stripe-line conductor 2 forming 13 rectangular conductor turns in spiral pattern 
within each other in a conducting layer of a carrier substrate 10. One end of 

15 the stripe-line conductor 2 of the inductor 1 is connected to a terminal 5 by a 
coupling wire 4. The inner end of the stripe-line 2 is connected by a lead-in 7 
to a coupling wire 9 in a second conducting layer of the substrate 10, the cou- 
pling wire extending in the second conducting layer from the centre of the in- 
ductor 1 to the outside of the inductor. The outer end of the coupling wire 9 is 

20 connected by a lead-in 8 to a coupling wire 3 in the same conducting layer of 
the substrate as the inductor 1. The coupling wire 3 is connected to a second 
terminal 6. 

The effect of the multiple turns of the inductor is that a mutual in- 
ductance effect through a magnetic field (H) increases the inductance (L) of 

25 the inductor. The current in an inductor conductor generates an internal mag- 
netic field in the conductor itself resulting in a current distribution in the con- 
ductor, i.e. a skin effect The magnetic field due to multiple conductor turns is 
strongest in the centre of the inductor. In addition to the internal magnetic field 
of the current carrying inductor wire the inductor wire turns are affected by an 

30 external magnetic field caused by other layers. The innermost wire turns of the 
inductor experience the strongest external field. In addition to the mutual in- 
ductance effect and the skin effect the magnetic field of the inductor induces 
an electromotive force and causes eddy currents in the inductor wires and in 
the conducting layers exposed to the magnetic field. Figure 2 shows a length 

35 of a wide stripe-line conductor 2 according to the prior art, affected by a mag- 
netic flux density vector B (unit T * Tesla) caused by the magnetic field of the 
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inductor. The inductor field B induces into the stripe-line 2 eddy currents l e , the 
direction of which is shown by a diagram in Figure 2. One result is that power 
will be dissipated by the eddy currents l e so that the stripe-line 2 causing the 
magnetic flux density will have greater resistance to alternating current than it 
5 would have to direct current. At the same time, the current distribution in the 
stripe-line 2 changes, since the eddy currents caused by the internal magnetic 
field of the conductor tend to oppose the main current in the stripe-line 2 and 
force it near the surface, thus causing the current density to increase, towards 
the surface of the stripe-line 2. This phenomenon is the above-mentioned skin 

10 effect, which becomes more and more significant as the frequency increases, 
until at relatively high frequencies the current flows almost entirely on a thin 
"outer surface", whereas the current density in the centre of the conductor is 
reduced to almost zero. The eddy currents in the stripe-line 2 cause power 
losses and are seen as a decline in the performance of the inductor, i.e. a re- 

15 duction of a quality factor (Q) of the inductor. The eddy current increase de- 
scribed above in a conductor loop of the inductor due to the existence of a 
magnetic field component caused by another conductor loop nearby is also 
referred to as a "proximity effect" . 

An object of the present invention is a stripe-line inductor in which 

20 power loss and reduction of a quality factor (Q) caused by eddy currents are 
significantly smaller than in prior art stripe-line inductors. 

This is achieved with the stripe-line Inductor of the invention com- 
prising one or more stripe-line conductor turns fabricated into one or more lay- 
ers of a carrier substrate. The inductor of the invention is characterized by 

25 a stripe-line conductor of the inductor consisting of two or more par- 

allel and/or overlapping sub-stripe-lines connected together at their ends, and 
the order of the parallel and/or overlapping sub-stripe-lines being 
changed at least once during the total length of said stripe-line conductor. 

The amount of power loss caused by the eddy currents or the 

30 proximity effect is proportional to a cross-sectional area of the magnetic flux 
density vector on the stripe-line conductor surface, i.e. the total magnetic flux 
perpendicular to the conductor surface. Thus, the wider the inductor conductor 
the greater the induced electromotive force and the eddy current power loss. 
In accordance with the first aspect of the invention the stripe-line conductor of 

35 the inductor is split Into parallel sub-stripe-lines, which reduce the width of an 
individual conductor and thus the cross-sectional area of the magnetic flux 
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density on the conductor surface. Here parallel means that the sub-stripe-lines 
are alongside each other and/or one on top of the other. The sub-stripe-lines 
on a conductor path form a fascicle in which the total cross-sectional area of 
the sub-stripe-lines in the direction of the conductor path may be of the same 
5 size as that of a continuous wide stripe-line conductor in prior art inductors. 
However, the sub-stripe-lines in a fascicle do not necessarily need to be close 
to each other. In the invention, each individual narrow sub-stripe-line is af- 
fected by a smaller total magnetic flux inducing electromotive force, and 
smaller eddy currents are generated than in the prior art continuous wide 

10 stripe-line conductor. Since the sub-stripe-lines of the invention arc as long as 
the conventional continuous wide stripe-line conductor, the length of the path 
along which the eddy current flows (and thus the resistance experienced by 
the eddy current) does not change, and because the induced electromotive 
force is much smaller, the power loss due to the eddy currents is also signifi- 

15 cantly smaller. 

For providing an inductor conductor corresponding to the conven- 
tional wide stripe-line conductor the sub-stripe-lines of the invention, however, 
have to be connected together at the fascicle ends. Then a closed loop is 
formed for the eddy current which results from the electromotive force caused 

20 by the magnetic flux density affecting the total. area of the fascicle conductor. 
In other words, as for an external magnetic field the area of the fascicle of 
stripe-lines connected together at the ends is equal to that of the continuous 
wide stripe-line conductor. This partly cancels out the effect achieved by a 
smaller area offered to the induced electromotive force of each stripe-line. 

25 However, this advantage is only partially cancelled out, since the magnetic flux 
density is not constant throughout the entire length of the stripe-line fascicle 
and thus some eddy current paths in the fascicle parts which are under a weak 
external magnetic field do not exist. However, to cancel out the closed loop 
eddy current loss, caused by connecting together the stripe-line fascicle ends, 

30 the order of the sub^tripe-lines is reversed or changed in a specific point be- 
tween the fascicle ends in the present invention. This is done in order to have 
opposite electromotive forces in the closed loop parts on different sides of a 
reversing point or a change point in the closed loop formed by the stripes con- 
nected together at the fascicle ends. The order may be reversed more than 

35 once, which results in the cancellation of many such opposite electromotive 
forces since their sum is zero or reduced. 
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Using the inductor of the invention the eddy currents and the eddy 
current Josses can be significantly reduced and the quality factor of the induc- 
tor can be increased compared with prior art inductors. 

In the following, the invention will be described in greater detail by 
5 means of the preferred embodiments with reference to the accompanying 
drawings, in which 

Figure 1 shows a prior art stripe-line inductor, 

Figure 2 illustrates a prior art continuous wide conductor stripe and 
the generation of eddy currents therein, 
10 Figure 3 illustrates a fascicle of stripe-lines of the invention and the 

generation of eddy currents in the stripe-lines, 

Figure 4 illustrates a stripe-line fascicle of the invention in which the 
stripe-lines are connected together at the ends and the generation of eddy cur- 
rents in such a fascicle, 
15 Figure 5 illustrates a stripe-line fascicle of the invention in which the 

stripe-lines are connected together at the ends and in which the order of the 
stripes is reversed, and the generation of eddy currents in such a fascicle, 

Figures 6, 7 and 8 show different stripe-line inductors of the inven- 
tion. 

20 The present invention can be applied to all stripe-line inductors fab- 

ricated or integrated into different types of carrier substrates or carrier struc- 
tures using different manufacturing techniques and materials. The manufac- 
turing techniques may comprise, for example, manufacturing technology of 
integrated circuits, thin film technology, thick film technology, printed circuit 

25 board technology, depositing technology etc. The carrier substrate may, for 
example, be an integrated silicon chip, a ceramic substrate, a dielectric mate- 
rial, a circuit board etc. 

Referring to Figure 2, as noted above, the amount of power loss P 
due to eddy currents l 0 or a proximity effect is proportional to the area seen by 

30 the external magnetic flux density of the conductor stripe-line 2. For example, 
in Figure 2 the width of the conductor stripe-line 2 is 4w (w = length unit) and a 
voltage V e caused by eddy currents is proportional to the width 4w and the 
eddy current power loss P Is proportional to the square (4w) 2 of the width. This 
dependence shows that as the width of the conductor increases the induced 

35 electromotive power and the eddy current power loss also increase. 

Figure 3 shows a fascicle of conductor sub-stripe-lines of the inven- 



WO 98/43258 



PCT/FI98/00239 



5 

tion. The fascicle comprises four conductor sub-stripe-lines 31, 32, 33 and 34, 
the width of each one being w (i.e. Va of the width of stripe-line conductor 2 in 
Figure 2). Each conductor sub-stripe-line is affected by a magnetic flux density 
B generating a corresponding eddy current l e1 , 1^, U and I,* therein. Since the 
5 area of an individual conductor sub-stripe-iine 31-34 is smaller than the area of 
the stripe-line conductor 2 in Figure 2, this leads to a smaller inducing electro- 
motive force of the magnetic flux density B and smaller eddy currents in each 
sub-stripe-line. Furthermore, since the length of the conductor sub-stripe-lines 
31-34 is the same as the length of the stripe-line conductor in Figure 2, the 

10 length of the path along which the eddy current l^-l* has flown and therefore 
the size of the eddy current power loss resistance does not change, and since 
the induced electromotive force is much smaller the eddy current loss de- 
creases significantly. 

Figure 4 further shows a fascicle of conductor sub-stripe-Jines 41, 

15 42, 43 and 44, but now the conductor sub-stripe-lines 41-44 are connected to- 
gether at the ends by terminals 45 and 46. Again the magnetic flux density B 
induces the eddy currents l el , l^, I*, and l rt to the individual conductor sub- 
stripe-lines 41-44. As the fascicle in Figure 4 is connected together at the 
ends, the magnetic flux density B affects the total area of the conductor sub- 

20 stripe-lines 41-44, from where the electromotive force to be induced causes 
eddy currents l el2 , l e13 , l e14) | e23l | e24l and U between the conductor sub-stripe- 
lines. On account of the closed loop formed by the terminals 45 and 46 the 
eddy current effect is of the same type as that of the stripe-line conductor 2 in 
Figure 2. This partly cancels out the advantage obtained from a smaller area 

25 of an individual conductor sub-stripe-line. In practical inductor structures a part 
of the advantage is nevertheless maintained since the magnetic flux density B 
is generally not constant throughout the length of the entire conductor fascicle 
41-44, and on this account all eddy current paths do not exist in those parts of 
the fascicle which are under a weak magnetic field. 

30 Figure 5 shows a fascicle of conductor stripe-lines 51, 52, 53 and 

54, in which the conductor sub-stripe-lines are connected together at the ends 
by the terminals 45 and 46 in the same way as in Figure 4. However, in Figure 
5 the order of the conductor sub-stripe-lines 51-54 is reversed in a specific re- 
versing point 59 along the total length of the fascicle. The order is changed or 

35 reversed to accomplish opposite electromotive forces on both sides of the re- 
versing point 59. Consequently, ; at the different ends of the conductor sub- 
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stripe-line fascicle the electromotive forces coupled from one conductor stripe 
to another are of opposite signs and cancel out each other, in which case no 
eddy current is generated. For example, the electromotive force seen in the 
reversing point to be induced from the conductor sub-stripe-line 51 through the 
5 terminal 45 to the conductor sub-stripe-line 54 is of opposite sign than the 
electromotive force to be induced from the conductor sub-stripe-line 51 
through terminal 46 to the conductor stripe-line 54. These electromotive forces 
cancel out each other. Thus a situation is achieved In Figure 5 where the volt- 
age V„ generated by eddy currents is proportional to the width w of an individ- 

10 ual stripe-line and the eddy current power loss is proportional to value 4W 2 . 
Thus a situation corresponding to the ideal case shown in Figure 3 is achieved 
where the eddy current power losses are only % compared to the stripe-line 
conductor losses in Figure 2. 

Since the inductor of the invention is fabricated or integrated by a 

1 5 patterning and/or deposition technique or by an accurate placement technique, 
the locations and geometries of conductor materials are well known. The order 
of the sub-stripe-lines inside the main conductor path, i.e. a set of sub-stripe- 
lines, can be reversed or changed several times, so that the net value of the 
electromotive force due to external magnetic flux in any closed loop formed by 

20 a pair of stripe-line conductors interconnected at their ends in the stripe-line 
conductor fascicle is zero or smaller. Here, the external magnetic flux stands 
for magnetic flux generated outside this part of the sub-stripe-line set in an- 
other part of the inductor. The sub-stripe-line set can be a bundle, the sub- 
stripe-lines forming the set being close to each other. Alternatively different 

25 stripe-line sets can be intermixed. 

When the order of the sub-stripe-lines within the set is reversed 
and/or changed in such a manner that the total sum of the electromotive 
forces due to the external magnetic field affecting the eddy current loops of the 
set is zero or smaller, the internal magnetic field caused by the current of the 

30 conductor stripe-line set itself tends to reduce current in those sub-stripe-lines 
which are close to the axial symmetry line of the reverse and/or change (i.e. in 
the middle of Figure 5), and to increase current in those stripe-lines in the set 
which are close to the outside limit of the set. This is known as a skin effect. 
When the locations and geometries of the conductor material are well known it 

35 is possible in addition to reversing and/or changing the order of the sub-stripe- 
lines within the set for reducing eddy current loss to further change and/or re- 
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verse the order of sub-stripe-lines within the set also in such a manner that the 
electromotive force due to the internal magnetic flux of the set in any closed 
loop formed from by any pair of sub-stripe-lines connected togetherat their 
ends in the set is zero or smaller. 

In other words, in accordance with the invention the number and lo- 
cations of the changes/reverses of the sub-stripe-Hne order can be designed 
case-specifically to reduce or to zero one or more of said variables. 

The inductor of the invention may consist of one or more conducting 
layers in a carrier substrate. These layers are formed using, for example, pla- 
nar technology, i.e. each conductor material layer is formed when needed. The 
conducting sub-stripe-lines of the conductor set, or fascicle, are alongside 
each other and/or one on top of the other. Conductor crossovers are formed in 
such locations where the conducting stripes reverse and/or change order. The 
conductor crossovers in the inductor can possibly be performed by changing 
from one conductor layer to another or by depositing the conductor material 
and the non-conducting layer simultaneously in the direction of the inductor 
conductor path. 

The principal structure of the inductor of the invention has been de- 
scribed above. Figures 6, 7 and 8 show some examples of stripe-line inductors 
implemented in accordance with the invention. 

In Figure 6 a first fascicle of sub-stripe-lines 61, 62, 63 and 64 and 
a second fascicle of sub-stripe-lines 65, 66, 67 and 68 are formed into a con- 
ducting layer of the earner substrate (not shown) Both sub-stripe-line fascicles 
form approximately two inductor conductor turns within each other. First ends 
69 of the fascicle 61-64 are connected to a terminal 45 also connecting the 
sub-stripe-lines 61-64 together. First ends 71 of the fascicle 65-68 are con- 
nected by coupling conductors 74 (in the second conducting layer of the sub- 
strate) to a terminal 46 also connecting the sub-stripe-lines 65-68 together. 
Second ends 70 of the sub-stripe-line conductors 61-64 are connected by 
coupling wires 73 (in the second conducting layer of the substrate) to second 
ends 72 of the sub-stripe-lines 65-68 in such a way that the order of the sub- 
stripe-lines reverses in accordance with the invention. That is, the first 
(outermost) sub-stripe-line 61 of the first fascicle is connected to the fourth 
(innermost) sub-stripe-line 68 of the second fascicle. Correspondingly the sec- 
ond (second outermost) sub-stripe-line 62 of the first fascicle is connected to 
the third (second innermost) sub-stripe-line 67 of the second fascicle. Fur- 
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thermore the third (second innermost) sub-stripe-line 63 of the first fascicle is 
connected to the second (second outermost) sub-stripe-line 66 of the second 
fascicle. Correspondingly the fourth (innermost) sub-stripe-line 64 of the first 
fascicle is connected to the first (outermost) sub-stripe-line 65 of the second 
5 fascicle. Thus, an inductor having low eddy current losses and a high quality 
factor Q implementing the principle shown in Figure 5 is accomplished. 

Figure 7 shows another inductor of the invention comprising a sub- 
strate (not shown) in a conducting layer, a first fascicle of sub-stripe-lines 74, 
75, 76 and 77, a second fascicle of sub-stripe-lines 81, 82, 83 and 84 and a 

10 third fascicle of sub-stripe-lines 91, 92, 93 and 94. First ends of the first fasci- 
cle of sub-stripe-lines 74-77 are connected to the terminal 45 and to each 
other. Correspondingly the first ends of the second fascicle of sub-stripe-lines 
81-84 are connected to the terminal 46 and to each other. Second ends 70A, 
70B, 70C and 70D of the first fascicle are connected by coupling wires 85, 86, 

15 87 and 88 (in the second conducting layer of the substrate) to first ends 90A, 
90B, 90C and 90D of the third fascicle 91-94 in such a manner that the order 
of the sub-stripe-lines is reversed in a manner according to the invention. Sec- 
ond ends 95A, 95B, 95C and 95 D of the third fascicle 91-94 are in turn con- 
nected by coupling wires (in the second conducting layer of the substrate) 97, 

20 98, 99 and 100 to second ends 72A, 72B, 72C and 72D of the second fascicle 
81-84 and in such a manner that the order of the sub-stripe-lines reverses 
again. In this inductor example the stripe-line order is reversed twice between 
the terminals 45 and 46. 

Figures 8A, 8B and 8C illustrate a way by which the inductor of the 

25 invention can be implemented in the two conducting layers of the carrier sub- 
strate. Figure 8A shows a first sub-stripe-line fascicle 109 comprising sub- 
stripe-lines 110, 111, 112 and 113. First ends 115 of the fascicle 109 are con- 
nected to the terminal 45 also connecting the sub-stripe-lines 110-113 to each 
other. Figure 8B shows a second sub-stripe-line fascicle 119 comprising sub- 

30 stripe-lines 120, 121, 122 and 123. First ends 116 of sub-stripe-line fascicle 
119 are connected to the terminal 46 connecting the sub-stripe-lines 120-123 
to each other. Figure 8C illustrates the inductor of the invention where the fas- 
cicle 109 is located in the first conducting layer of the substrate and the fasci- 
cle 119 is located in the second conducting layer of the substrate. For the sake 

35 of clarity Figure 8C does not show the insulating layer of the substrate be- 
tween the fascicles 109 and 119. Second ends 114A-114D of the fascicle 109 
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are connected by lead-ins to second ends 117A-117D of the fascicle 119 in 
such a manner that the stripe-line order is reversed in a way according to the 
invention. Thus, an inductor according to the principal in Figure 5 is again ob- 
tained. 

5 The invention has above been illustrated by means of some induc- 

tor structures. The description above is, however, only meant to illustrate the 
present invention. Regarding the details the inductor of the invention may vary 
within the scope and spirit of the accompanying claims. 
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CLAIMS 

1. A stripe-line inductor comprising one or more stripe-line conduc- 
tor turns fabricated Into one or more layers of a carrier substrate (10), c h a r - 
acterized by 

5 a stripe-line conductor of the inductor consisting of two or more par- 

allel and/or overlapping sub-stripe-lines (31-32, 41-42, 51-52, 61-68, 74-77, 
81-84, 91-94, 110-113, 120-123) connected together at their ends, and 

the order of the parallel and/or overlapping sub-stripe-lines being 
changed (59) at least once during the total length of said stripe-line conductor. 
10 2. An inductor as claimed in claim 1, characterized by 

the order of the sub-stripe-lines (51-54) being arranged to change in 
such a point of the stripe-line conductor that electromotive forces induced in 
the loops of the sub-stripe-lines before the change point (59) and the electro- 
motive forces induced in the loops of the sub-stripe-lines after the change 
1 5 point substantially cancel out each other. 

3. An inductor as claimed in claim 1 or 2, characterized in 
that the order of the sub-stripe-lines is reversed. 

4. An inductor as claimed in claim 1,2 or 3, characterized 
in that all stripe-line conductor turns (61-68, 74-77, 81-84, 91-94) of the in- 

20 ductor are in the same layer on the carrier substrate (1 0), and that the order of 
the sub-stripe-lines is changed by coupling wires (73, 85-88, 97-100) in the 
second layer. 

5. An inductor as claimed in claim 1,2 or 3, characterized 
in that the stripe-line conductor turns (110-113, 120-123) of the inductor are in 

25 two or more layers on the carrier substrate (10), and in that the order of the 
sub-stripe-lines is changed by lead-ins (1 14A-D; 1 17-D) between the layers. 

6. An inductor as claimed in any one of claims 1-5, charac- 
terized by 

a first set of parallel sub-stripe-lines (51-54, 61-64, 110-113) in 
30 which the sub-stripe-iines are connected together at their first end (45 69 

115) , 

a second set of parallel sub-stripe-lines (51-54, 65-68, 120-123) in 
which the sub-stripe-lines are connected together at their first end (46, 71 

116) , 

35 second ends (59, 70, 1 14A-D) of the first set of sub-stripe-lines be- 

ing connected to second ends (59, 72, 117A-D) oif the second set of sub- 
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stripe-lines in such a manner that the order of the sub-stripe-lines changes. 

7. An inductor as claimed in claim 6, characterized by the 
first and second set both comprising N sub-stripe-lines, the order of the first 
and the second set is connected to reverse in such a manner that sub-stripe- 

5 line i in the first set is connected to sub-stripe-line [ N - (i - 1) ] in the second 
set where i = 1, ... N and N = 1, 2 

8. An inductor as claimed in claim 6 or 7, characterized by 
the first (61-64) and the second (65-68) set of sub-stripe-lines being within 
each other in the same layer of fine carrier substrate (10). 

10 9. An inductor as claimed in claim 6 or 7, characterized by 

the first (110-113) and the second (120-123) set of sub-stripe-lines being in 
different layers of the earner substrate. 

10. An inductor as claimed in claim 6, 7, 8 or 9, c h a r a c te r - 
i z e d by comprising three or more sets of sub-stripe-lines connected in series 

15 in such a manner that the order of the sub-stripe-lines is changed in every 
connection point between the sets. 

11. An inductor as claimed in any one of the previous claims, 
characterized by being fabricated by thin film technique, thick film 
technique, fabrication technique of integrated circuits, printed circuit board 

20 technique, deposition technique or any other corresponding technique. 
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